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1.
$R$ R,iemann , $HP_{+}(R),$ $HB_{+}(R)$ . $HD+(R)$ $MHB+(R)$ , $R$
, $R$ , $R$ Drichlet
, $R$ $HB_{+}(R)$
. $HX(R):=HX+(R)-HX+(R)=\{h_{1}-h_{2}|h_{j}\in HX+(R)(j=1,2)\}(X=$
P. $B,$ $D),$ $MHB(R)$ $:=MHB_{+}(R)-MHB_{+}(R)$ , $HB(R)$ $R$
, $HD(R)$ $R$ Drichlet . ,
$MHB(R)$ $R$ (quas $\sim$-bounded) .
Green $O_{G}$ , $O_{G}$
, , . , .
, $z0(\in R)$ .
$R$ Martin minimal Martin , $\triangle:=\triangle^{R,M}$ $\triangle_{1}:=\triangle_{1}^{R}$ ‘
$M$
, $z\in R$ $\triangle$ $\omega_{z}(\cdot)$ . Martin
[1] .
$R$ $p$ Hardy $h_{p}(R)(1\leq p\leq\infty)$ ( Hardy
$)$ . .
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$z\in R$ $\triangle$ $\omega_{z}$ $()$ .
$\{\begin{array}{l}h_{1}(R)=HP(R).1\leq p<q\leq\infty\Rightarrow h_{q}(R)\subset h_{p}(R).\end{array}$
82
$h_{p}(R)$ Martin .
$u(\in HP(R))$ , .
$||u||_{h_{y},(R)}:=( \int_{\triangle}|\iota\iota^{*}|^{p}d\omega_{z_{O}})^{1/p}$





$h_{p}(R)$ $h_{p}(R)\cap HD(R)$ , $||\cdot||_{h_{\ddagger)}(R)}$ $||\cdot||_{HD(R)}+||\cdot||_{h_{p}(R)}$
Banach . $F$ : $h_{p}(R)\cap HD(R)arrow h_{p}(R)$ $F(u)=u(u\in h_{p}(R)\cap HD(R))$
. $\vee,$ $||u||_{h_{l},(R)}\leq||u||_{HD(R)}+||u||_{h_{I},(R)}$ , $F$ .





$G:h_{p}(R)\cap HD(R)arrow HD(R)$ $G(u)=u(u\in h_{p}(R)\cap HD(R))$ . $(\#)$
, $\beta(>0)$ ,
$||u||_{h_{\rho}(R)}\leq\beta||u||_{HD(R)}(u\in h_{p}(R)\cap HD(R))$ $(\#\#)$
. (i) , $h_{p}(R)\cap HD(R)=h_{p}(R)\cup HD(R)$ , $(\#)$ $(\#\#)$ ,
.
2 , $h_{\rho}(R)=HD(R)$ , .
$c||u||_{h_{l},(R)}-u(z_{0})\leq D(u)^{1/2}\leq C||u||_{h_{r},(R)}(\forall u\in h_{p}(R)\cup HD(R))$ .
, $u(z)=\omega_{z}(E)$ ( $E$ $\triangle$ Borel ) , .
83
$\triangle\cross\triangle$ $N_{cl}^{l}im$ (cf. [7]) $\theta(\xi$ , $()$ . H $D(R)$ Martin
.
3.




$\Rightarrow$ $h_{p}(R)=h_{2}(R)arrow h_{\rho}(R)\supset h_{2}(R)\supset HD(R)$
$\text{ ^{}\dagger}A\Rightarrow$




1 : $((\in\triangle)$ . , .
$\omega_{z_{()}}(U_{\rho}(())>0(\forall\rho>0)\Rightarrow\omega_{z_{O}}(\{\zeta\})>0$
$(U_{\rho}(\zeta):=\{\xi$ ( $\in R\cup\triangle|d(\xi,$ $\zeta)<\rho\}$ , , $d(\cdot,$ $\cdot)$ $R\cup\triangle$ ).
2 : $N(\subset\triangle)$ , .
84
$\{\begin{array}{l}\omega_{z_{0}}(N)=0,\#(\triangle_{1}\backslash N)\leq\aleph_{0},\omega_{z_{()}}(\{(\})>0(\forall(\in\triangle_{1}\backslash N),z\mapsto\omega_{z}(\{\zeta\})\in HD(R)(\forall\zeta\in\triangle_{1}\backslash N).\end{array}$





$\{\begin{array}{l}\rho_{n}\backslash 0(narrow\infty),\omega_{z_{0}}(U_{\rho_{71}}(\zeta))\leq\frac{1}{e+1}\omega_{z_{()}}(U_{\rho,\}-- 1}(\zeta))(n\in N)(\text{ }, \omega_{z_{0}}(U_{\rho,)}(())\leq e^{-1}\omega_{z_{()}}(U_{\rho,-1}(\zeta)\backslash U_{\rho_{\gamma}}(\zeta))(n\in N))\end{array}$
. ,
$\exists f\in h_{\rho}(R)\backslash HD(R)\cdots\cdots(*)$
. (1) .
$(*)$
$q$ $1<q< \frac{\min(p,e)}{2}$ . {pn} 1 ,
$\omega_{z_{0}}(U_{\rho_{1}},(()\backslash U_{\rho_{\iota+1}},(())>0(n\in N)$ . $f^{*}(\xi)$ $f(z)$ .
$f^{*}(\xi):=\{\begin{array}{ll}[n^{q}\omega_{\approx 0}(U_{\rho}, (\zeta)\backslash U_{\rho_{\iota+1}},(\zeta))]^{-1/p}, (\xi\in U_{\rho_{1}},(\zeta)\backslash U_{\rho_{r\iota+1}}(\zeta)),0, (\xi\in\triangle\backslash U_{\rho_{1}}(\zeta)).\end{array}$
$f(z):=/\backslash \triangle_{1}^{f^{*}(\xi)d\omega_{z}(\xi)}$ .








, $f\in h_{p}(R)$ .
(3)
$V_{n}=U_{\beta-\iota}(\zeta)\backslash U_{\rho_{\iota+1}},(()(n\in \mathbb{N})$ $V_{0}=R\backslash U_{\rho_{1}}(\zeta)$ . $\iota/0(\in N)$
$\omega_{z_{O}}(V_{r\iota})<(c/2)^{\frac{1)}{;-1}}(n\geq\nu_{0})$ . , $c$ 2 $c$ .
, $q$ $1<q< \frac{111in(p,e)}{2}$ , .
85
$([n^{q}\omega_{z_{0}}(V_{1})]^{-\frac{1}{r}}-[\gamma\prime l^{q}\omega_{z_{()}}(V_{rtt})]^{-\text{ }})^{2}\geq C[n^{q}\omega_{z_{0}}(V_{n})]^{-2/\rho}(m\neq n)\cdots(b)$ ,
, $C$ $m$ $n$ .
(b)
(1) $n>m$
$n^{q}\omega_{z_{()}}(V_{n})$ $\leq$ $n^{q}e^{m-7\iota}\omega_{z_{()}}(V_{m})arrow\rho_{71}0)$ , $\omega_{z_{0}}(V_{n})\leq e^{-1}\omega_{z_{O}}(V_{n-1})$
$=$ $[ \frac{n}{\tau n(n-\gamma n)}]^{q}\frac{(n-\gamma n)’}{e^{1-,-}’}m^{q}\omega_{z_{(}}(V_{?n})$
$\leq$ $( \frac{1}{(\tau\iota-m)}+\frac{1}{n1})^{q}\frac{(l^{r}\prime}{e^{l}}m^{(i}\omega_{z_{(\}}}(V_{11})\sim$ $\frac{x’’}{e^{J}}\leq\frac{q^{-l}}{e^{q}}(x>0)$
$\leq$ $(1+1)^{q} \frac{q^{t\prime}}{e^{-r}}m^{q}\omega_{z()}(V_{m})$























, $C=(1-(-2eA))^{2}$ , .
$(1/c_{0})D(f)$
$=$ $\int_{\triangle}\int_{\triangle}(f^{*}(\xi)-f^{*}(())^{2}\theta(\xi, \zeta)d\omega_{z_{(}}(\xi)d\omega_{z_{O}}(\zeta)arrow$ 4











$\geq$ $C” \sum_{n=\nu_{O}}^{\infty}n^{-2q/p}\lfloor\omega_{z_{O}}(V_{71})|^{-2/\nu}[\omega_{z_{()}}(V_{?1})]^{2/l}’arrow\prime 2(\omega(V_{1}))=2$




$=$ $C^{\prime/} \sum_{n=\iota/0}^{\infty}7\iota^{-2q/p}=\infty$ ,
, $C’$ $C”$ $\gamma\eta$ $\uparrow x$ $\iota$ .
, $f\not\in HD(R)$ .
2
$N$ $F$ .
$N:=$ { $\zeta\in\triangle|$ $p_{\zeta}(>0)$ , $\omega_{z_{0}}(U_{\rho_{(}}(\zeta))=0$ }.
$F:=\triangle\backslash N$ .
, .
(1) $F\cup N=\triangle,$ $F\cap N=\emptysetarrow F$ $N$
(2) $\omega_{z_{O}}(\{\zeta\})>0(\forall\zeta\in F)$ 1
(3) $z\mapsto\omega_{z}(\{(\})\in HD(R)(\forall\zeta\in F)arrow$ (i)
(4) $\# F\leq\aleph_{0}$ $arrow(2)$ $\omega_{z_{0}}(\triangle)=1$
(5) $F\subset\triangle_{1}$ $arrow(2)$ $\omega_{z_{(}}(\triangle\backslash \triangle_{1})=0$
(6) $\omega_{z_{(}}(N)=0$ .
(6)
$O:= \bigcup_{\zeta\in N}U_{\rho_{(}}(\zeta)$ . , $O$ $R\cup\triangle$ , $O\cap\Delta=N$ .
Lindel\"of , $\{\xi_{n}\}_{n=1}^{\infty}(\subset N)$ , $O= \bigcup_{n=1}^{\infty}U_{\rho_{\xi_{\iota}}},(\xi_{n})$ .
,




$(_{n},$ $\cdots$ $\triangle_{1}\backslash N$ . $\omega_{z)}$ ( 1 $\{\zeta_{n}\}$ ) $=1$ ,
$\{\zeta_{n\iota}\}_{l=1}^{\infty}(\subset\{(n\}$ $1)$ ,
$\omega_{z_{0}}(\{\zeta_{k}\}_{k=n_{1}}^{\infty})\leq\frac{1}{e+1}\omega_{z_{(}}(\{\zeta_{k}\}_{k=n_{1-1}}^{\infty})$
( , $\omega_{z_{()}}(\{(\kappa\cdot\}_{k=n_{1}}^{\infty})\leq e^{-1}\omega_{z_{0}}(\{\zeta_{k}\}_{k=n_{l-1}}^{n_{l}-1})$
. 1 ,
$g(\in h_{p}(R)\backslash HD(R))$ . $\cdot\cdot\cdot\cdot$ ( )
(i) , 3 .
( )
$V_{l}=\{\zeta_{k}\}_{k=n_{1}}^{n_{l+1}-1}$ $(l\in \mathbb{N})$ $V_{0}=\{\zeta_{k}\}_{k=0}^{n_{1}-1}$ . $\{\zeta_{n_{l}}\}_{l=1}^{\infty}$ ,
$\omega_{z_{0}}(V_{l})>0(l\in N)$ . $q$ $1<q< \frac{\min(p,e)}{2}$ .
$g^{*}(\xi)$ $g(z)$ .
$g^{*}(\xi):=\{\begin{array}{ll}[l^{q}\omega_{z_{()}}(V_{l})]^{-1/p}. (\xi\in V_{l}),0, (\xi\in\triangle\backslash \{\zeta_{k}\}_{k=1}^{\infty}).\end{array}$
87




$\int_{\triangle l}g^{*}(\xi)^{p}d\omega_{z_{()}}(\xi)$ $=$ $\sum_{l=1}^{\infty}[l^{q}\omega_{z_{t)}}(V_{l})]^{-1}\omega_{z_{0}}(V_{l})$
$=$ $\sum_{l=1}^{\infty}l^{-q}<\infty$ .
, $g\in h_{p}(R)$ .
(3)
$\iota 1_{1}(\in N)$ $\omega_{z_{0}}(V_{l})<(c/2I^{\rho-\overline{1}}(l\lrcorner^{J}\geq\nu_{1})$ . , $c$ 2
$c$ .
, $q$ $1<q< \frac{nlin(\rho,e)}{2}$ .
$([l^{q}\omega_{z_{0}}(V_{l})]^{-\frac{1}{1}},$ $-[m^{q}\omega_{z_{0}}(V_{m})|^{-\frac{1}{1}}, )^{2}\geq C[l^{q}\omega_{z_{0}}(V_{l})]^{-2/p}(l\neq m)\cdots(b’)$ ,
, $C$ 1 $m$ .
$f$ (3) , (b) , .
$(1/c_{0})D(g)$











$\geq$ $C” \sum_{l=\nu_{1}}^{\infty}l^{-2q/p}[\omega_{z_{(}}(V_{l})|^{-2/p}[\omega_{z_{\{)}}(V_{l})|^{2/p}-D(\omega(V_{l}))=2\Sigma_{\tau r=0}^{\infty}\int\int\theta(\xi, \zeta)d\omega_{z_{0}}(\xi)d\omega_{z}(()$
3
88
$=$ $C” \sum_{l=\nu_{1}}^{\infty}l^{-2q/p}=\infty$ ,
) $C’$ $C^{\prime/}$ 1 $\gamma$} $l$ .
, $g\not\in HD(R)$ .
$(ii)\Rightarrow(i)$
$N(\subset\triangle)$ ,
$\{\begin{array}{l}\omega_{z_{0}}(N)=0,\#(\triangle_{1}\backslash N)<+\infty,\omega_{z_{0}}(\{(\})>0(\forall(\in\triangle\iota\backslash N),z\mapsto\omega_{z}(\{\zeta\})\in HD(R) (\forall\zeta\in\triangle_{1}\backslash N)\end{array}$
.
$\mu_{0}=\#(\triangle_{1}\backslash N)$ , $(_{1},$ $(_{2},$ $\cdots,$ $\zeta_{\mu_{()}}$ $\triangle_{1}\backslash N$ .
$h\in h_{p}(R)$ (resp. $HD(R)$ ).
$\Rightarrow^{\uparrow}$
$\{\begin{array}{l}h \text{ } \omega_{z0} \text{ } \zeta(\in\triangle_{1}) \text{ }, the minimal fine limit h *(\xi) \text{ },h(z)=\int_{\triangle_{1}}h^{*}(\xi)d\omega_{z}(\xi),\end{array}$
1





$|h^{*}(\zeta_{?1})|<\infty(n=1, \ldots, \mu_{0})$ .
$\triangle_{1}\backslash N=\{\zeta_{j}\}_{j=1}^{\mu 0}$
$\omega_{z_{0}}(N)=0$
$\Rightarrow$ $h\in HD(R)$ $($ resp. $h\in h_{p}(R))$ .
$\uparrow$
$\omega_{z}(\zeta_{j})\in HD(R)(j=1, \cdots, \mu_{0})$
$($ resp. $\omega_{z}(\zeta_{j})\in h_{p}(R)(j=1,$ $\cdots$ , $\mu_{0}))$
$\Rightarrow$ $h_{p}(R)\subset HD(R)$ $($ resp. $h_{p}(R)\supset HD(R))$ .
$\Rightarrow$ $h_{p}(R)=HD(R)$ .
$\Rightarrow$ (i).
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